Comparison study on the effect of acid and nitrate salt on the properties of poly (vinyl alcohol) 
Introduction
Anthocyanin is a major group of natural pigment widely distributed in nature, predominantly in flowers, fruits and calyxes, contributing to a wide range of colours. Its basic structure consists of a characteristic flavylium cation with attached glycoside units. Over the years, anthocyanin has found practical applications in many fields. It has been used as natural colourant in the food industry (Bridle and Timberlake, 1997; Melo et al., 2009) . It has also shown promising application in medical and pharmaceutical field. It was reported to exhibit antioxidant properties (Tsai et al., 2002; Kong et al., 2003) , anti-inflammatory and anti-oedema properties (Wagner, 1985) . It was also reported to exhibit potential as dye in dye-sensitised solar cells (Zhu et al., 2008) . Hibiscus sabdariffa L., or commonly known as roselle, is a tropical plant rich in anthocyanins and other phenolic compounds (Mahadevan et al., 2009) . Du and Francis (1973) reported that roselle calyxes contained delphinidin-3-sambubioside and cyanidin-3-sambubioside as major anthocyanin and delphinidin-3-glucoside and cyanidin-3-glucoside as minor anthocyanin. Roselle has been commercialised as a food product such as jams, jellies and beverages across many countries.
Stability of anthocyanin has been an interesting subject of research since the past decade. Weak colour stability of anthocyanin is a main barricade towards a practical application. Both light and heat have shown to affect stability of anthocyanin (Giusti et al., 2009) . Most studies conducted previously concerned only in the stability of anthocyanin in aqueous medium and powder form. In previous work (Vengadaesvaran et al., 2013; Lee et al., 2013) , use of anthocyanin as natural colourant in water-based coating was reported. In this work, effect of additive -acid and salt on the 
Materials and methods

Sample preparation
Fresh roselle calyxes were obtained from local market in Kuala Lumpur. Calyxes were soaked in distilled water for 3 hours for dye extraction. The extract was then filtered by Whatman filter paper to remove insoluble particles. Additives introduced separately into the extract were 5 weight per cent calcium nitrate, Ca(NO 3 ) 2 and 1 weight per cent hydrochloric acid, HCl. All of the dye samples included pure dye without additive was mixed with PVA (Aldrich, 80 per cent hydrolysed) in ratio 3:1. The mixtures were applied on glass slide substrate and allowed to cure. Formulation of samples is tabulated in Table I . The cured coatings were characterised by TGA, DSC, XRD and colour degradation analysis.
Thermogravimetric analysis
TGA is an established thermal method to assess the thermal degradation and stability of a material. In this work, the rate of maximum weight loss within specific temperature was analysed. Coating films with longest time of maximum weight loss rate occurrence can be considered are more stable. TGA was conducted using TA Instruments Q500 Thermogravimetric Analyser in Hi-Resolution dynamic ramp mode. Ceramic pan was used to hold the samples in place and nitrogen was used as purge gas.
Differential scanning calorimetry
DSC is a thermoanalytical method in which difference in amount of heat required to raise the temperature of a sample and a reference is measured as a function of their temperature. One of the properties of a material that can be obtained from DSC technique is glass transition temperature, T g . It can be explained as the temperature at which transition from glassy state to rubbery state occurs in an amorphous material. Glass transition temperature of the coating was determined by using TA Instruments DSC Q200. Heat-cool-heat technique was employed in which the coating sample was heated to 150°C, subsequently cooled to 0°C, and finally heated again to 150°C to obtain a distinct glass transition. The heat and cool rate was 10°C/min.
XRD characterisation
Structural changes due to HCl acid and Ca(NO 3 ) 2 addition in coating samples were investigated using XRD method. XRD patterns of the coating samples were recorded using a Siemens D5000 X-ray diffractometer with monochromatic Cu K␣ radiation source of wavelength, ϭ 1.5406 Å. Coating samples were scanned using a step size of 0.1°ranging from 2 ϭ 5°to 2 ϭ 80°.
The changes in basal spacing, d can be related to structural changes in the coating samples. This basal spacing (d-spacing) that gives the interplanar distance was calculated using Bragg's law :
where, n ϭ an integer; k ϭ constant (generally ϭ 0.9) m; ϭ wavelength (0.1541 nm); d ϭ basal spacing or d-spacing (nm); and ϭ the diffraction angle (°).
Scherrer column length indicates the crystallite size of ordered structures in the coating samples. This column length was calculated using Scherrer equation (Halim, 2010) as follows:
where, Dϭ crystallite size (nm); k ϭ constant (the value is generally ϭ 0.9); ϭ wave length (0.1541 nm); and ␤ ϭ width of XRD peak at half peak maximum (radian).
Colour degradation analysis
Colour degradation of coating samples was expressed as degradation in terms of colour of the coatings in exposure of ultraviolet (UV) light for a period of time. In this work, coating samples were exposed to UV irradiation of 312 nm for 24 hours at room temperature. Spectroline Model TVC-312A was used as a source of UV light. Colour measurement was conducted on coating samples in compliance with CIELAB 1976 colour system before irradiation and 24 hours after UV irradiation. CIE L ‫ء‬ a ‫ء‬ b ‫ء‬ were determined using Avantes AvaSpec-2048 Fiber Optic Spectrometer coupled with AvaSoft Color Application Software. Total colour difference, ⌬E, and chroma, C ‫ء‬ determined using the following equations:
(1)
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Volume 44 · Number 4 · 2015 · 250 -256 value 2.02 per cent min Ϫ1 occurs at temperature 222.3°C and after 11=44.34". HAPVA coating film sample had PWLR temperature close to APVA which was 223.4°C. However, the second PWLR HAPVA occurred at 2=24.06" later compared with APVA coating sample. CAPVA coating film sample showed longest duration of second PWLR at 16=45.24".
All samples had showed the third degradation steps at range within 257 to 400°C. Usually, the first degradation step detected at 250 to 300°C was due to thermal degradation of PVA molecule. APVA coating film sample had the lowest PWLR temperature 277.6°C but it occurred at 19=36.24" delayed 3=21.00" compared with HAPVA coating sample. CAPVA coating film sample again had the longest duration of the third PWLR at 25=09.24" with the rate 2.32 per cent min Ϫ1 . The second degradation step 300 to 450°C can be detected if the PVA consist of any by-products. All coating film samples had almost the same value of PWLR temperature in range 422.2 to 420.6°C. Figure 4 shows the glass transition temperature, T g of APVA around 61.5°C. The addition of Ca(NO 3 ) 2 salt into PVA-anthocyanin coating system had caused the T g to increase to 83.1°C. The temperature increase about 21.6°C gives an indication that interaction has occurred between coating system and Ca(NO 3 ) 2 salt. This increment could be attributed to the formation of hydrogen bonding between the nitrates of the salt with PVA and anthocyanin. Increase in T g due to hydrogen bonding formation had been reported by Lin et al. (2010) . From Malathi et al.'s (2010) works, they also reported that nitrate salts are capable of increasing the T g of polymers. Addition of HCl acid can also increase the glass transition temperature of APVA, as shown by HAPVA sample with the shifted T g to 64.3°C. The increment about 2.8°C in T g however, is relatively small compared to that of CAPVA.
Differential scanning calorimetry DSC thermograms for coating samples in
XRD analysis
X-ray diffractograms and smoothed diffractograms of coating samples are shown in Figure 5 . Table II lists the calculated d-spacing and Scherrer length of the samples. All three coating samples exhibit amorphous properties, as indicated by the appearance of broad diffraction halo with maximum peak around 19.5-19.6°after smoothing. The same peak has been reported by as the characteristic peak of PVA polymer. The d-spacing and Bragg's diffraction angle are not significantly different for each sample. The d-spacing of all coating sample is in the range 4.53-4.55Å. Since d-spacing is indicative of the interchain distance of a polymer (Huang et al., 2006) , it can be inferred that both additives do not impart significant effect on the interchain distance between PVA molecules.
Analysis on Scherrer length, however, demonstrates the effects of acid and salt addition on the ordered structures in PVA polymer. Table II shows that the Scherrer length of CAPVA decreases about 29 per cent with the doping of Ca(NO 3 ) 2 , which indicates the reduction in crystallite size. This is an indication that the ordered structure was distorted, and it is possibly due to the interaction between PVA chains and anthocyanin with Ca(NO 3 ) 2 in the form of hydrogen bonding. This consequently caused the coating sample to be more amorphous. It was reported that salts are able to enhance the amorphous nature of PVA polymer . Relatively small increase about 1.5 per cent in the Scherrer length of HAPVA sample, however, shows the insignificant effect of PVA-anthocyanin interactions with HCl acid. ‫ء‬ and ⌬E values before and after 24 hours of UV irradiation on coating samples are tabulated in Table III . Visual colour changes of the coatings before and after UV irradiation are shown in Table IV . A minimum ⌬E ϭ 1 was assumed to be the basis for colour difference noticeable by human eye (Gonnet, 1998) . It was observed that all samples magnitude. It can be deduced that UV irradiation increases lightness and lowers redness and blueness of PVA-anthocyanin coatings, which is due to the degradation of anthocyanin in the coating. Yang et al. (2008) has also reported the same trends of result in aqueous anthocyanins. It was reported that decrease in a ‫ء‬ value could be attributed to degradation of monomeric anthocyanins, while increase in b ‫ء‬ value indicated the formation of yellow chalcone species. Addition of HCl acid in HAPVA sample had reduced the total colour change, ⌬E values compared to APVA, thus enhancing the UV stability of PVA-anthocyanin sample. From Table IV , there is no indication that the addition of Ca(NO 3 ) 2 salt had inhibited colour degradation of anthocyanin in coating materials. This is supported by relatively high ⌬E of CAPVA sample (31.83) when compared to that of APVA (26.67) in Table III .
Conclusions
HCl acid appears to be more effective and viable when compared to the Ca(NO 3 ) 2 salt. Relatively small addition that is 1 weight per cent of HCl acid is capable to enhance the thermal and colour stability of PVA-anthocyanin coating. It was found that Ca(NO 3 ) 2 does not warrant a significant improvement on the thermal degradation and colour stability of the coating. The addition of Ca(NO 3 ) 2 reduced the coating film crystallite size and caused the coating film to become more amorphous. 
